Background {#Sec1}
==========

Punjab is one of the most fertile states of India and agriculture in addition to livestock rearing is the main source of income of people of this region. Berseem (*Trifolium alexandrinum*) is the main fodder crop of Rabi season in Punjab. Due to presence of perennial rivers Beas and Sutlej and abundant groundwater resources intensive agriculture is practised in Punjab throughout the year. Berseem is a leguminous crop belonging to family Fabaceae. It is fast growing, high biomass yielding fodder crop and is highly liked by the animals (Ali et al. [@CR4]; Bhat [@CR12]). But rise in the level of environmental pollutants in Berseem due to uncontrolled use of agrochemicals and polluted irrigation water is a serious cause of concern for livestock production systems (Rajaganpathy et al. [@CR45]).

Heavy metals are one of the main pollutants which affect the plants and animals throughout globe. Food and fodder crops raised on metal contaminated soils have the tendency to accumulate excessive amounts of heavy metals, which poses severe risk to human and animal health (Rattan et al. [@CR46]; Kulhari et al. [@CR33]). Heavy metal contents in fodder crops are dependent on soil, climatic factors, agrochemical application, irrigation water quality, plant growth rates and plant parts (Ahmad et al. [@CR2]). The heavy metal contents in agricultural soil are affected by cropping practices and soil properties (Dheri et al. [@CR19]; Endalamaw and Chandravanshi [@CR21]). In the areas which are situated on the banks of rivers there is an added risk of heavy metal contamination in soils due to rise in pollution in rivers, because in these areas river water is also used for irrigation. Although heavy metals like Co, Cr and Cu are essential for plant and animal metabolism, at levels above maximum permissible limits they disrupts the normal functioning of organisms (Ali et al. [@CR4]; Jolly et al. [@CR28]). Cd and Pb are known to be highly toxic and carcinogenic for animals and humans (Rajaganpathy et al. [@CR45]). Since heavy metal contents in soil are highly affected by soil characteristics and heavy metal bioaccumulation in fodder crops is a major route of heavy metal entry into livestock systems, a study was conducted in intensively cultivated areas situated on banks of rivers Sutlej and Beas to assess physcio-chemical characteristics of soil under Berseem cultivation and heavy metal bioaccumulation in Berseem.

Results and discussion {#Sec2}
======================

Soil physico-chemical characteristics {#Sec3}
-------------------------------------

The physico-chemical characteristics of the studied soils are given in Table [1](#Tab1){ref-type="table"}. The Pearson's correlation matrix of physico-chemical properties and heavy metals in studied soils are given in Table [2](#Tab2){ref-type="table"}. The soils were found to be slightly alkaline in nature and the pH ranged from 7.38 to 7.99. Soil conductivity which indicates the salinity was maximum at site I (0.723 mS/cm) and minimum at site II (0.307 mS/cm). The observed soils were found to be sandy in texture with sand contents ranging from 3.15 (Site I) to 5.33 % (Site II). The sandy texture of soils is mainly due to settling of sandy river alluvium deposited for thousands of years by rivers Sutlej and Beas. The soil organic matter (SOM) which is one of the most important indicators of soil health (Rattan et al. [@CR46]) was found to be near desertification levels (1.83--2.91 %) in the present study. The main reason for such low levels of SOM is the poor silt and clay contents of soils (Sollins et al. [@CR54]). Significant positive correlation was observed between soil pH and SOM, which was in line with the observations of Aciego Pietri and Brookes ([@CR1]), but was contradictory to the trend observed by Yali et al. ([@CR57]). The carbonate content (CaCO~3~) ranged from 5.07 to 9.04 % revealing the calcareous nature of the studied soils. The calcium (Ca) and magnesium (Mg) contents in soils ranged from 0.49 to 1.00 meq/100 g and 0.73--1.74 meq/100 g respectively. Ca and Mg are secondary nutrients for plants and abundantly available in soils to meet plant requirements. But excessive amount of Ca in soils sometimes causes deficiency of other plant nutrients (Troeh and Thompson [@CR56]), which is evident from the negative correlation of Ca with sodium (Na), potassium (K) and nitrogen (N) (Table [2](#Tab2){ref-type="table"}). The major soil nutrients nitrogen (N), phosphorous (P) and potassium (K) ranged from 114.33 to 665.15, 49.99--384.91 and 1052.83--1559.67 mg/kg respectively. The soil nutrients (Na, N and K) were found to be negatively correlated to sand and positively correlated to clay (Table [2](#Tab2){ref-type="table"}), which can be due to high affinity of clay to soil nutrients (Boluda et al. [@CR14]). The main anthropogenic sources of soil nutrients in the studied soils are NPK fertilizers, which are extensively used in the studied area. The NPK fertilizers are favored by the high pH of soils (Gil et al. [@CR24]), which is evident from the positive correlation of pH with N, P and K (Table [2](#Tab2){ref-type="table"}). The levels of soil physico-chemical parameters in the present study were similar to the levels observed in other parts of Punjab (Dheri et al. [@CR19]; Katnoria et al. [@CR29]).Table 1Physico-chemical characteristics of soil under Berseem cultivationPhysico-chemical propertiesSitesSite ISite IISite IIISite IVpH7.99 ± 0.257.60 ± 0.717.38 ± 0.947.88 ± 0.74Conductivity (mS/cm)0.723 ± 0.0660.307 ± 0.0380.617 ± 0.0890.440 ± 0.057Sand (%)88.33 ± 3.3676.67 ± 9.4390.33 ± 3.3285.33 ± 5.31Silt (%)8.33 ± 1.6418.0 ± 2.146.33 ± 1.6610.33 ± 2.31Clay (%)3.15 ± 0.665.33 ± 1.333.66 ± 0.974.33 ± 1.01SOM (%)2.91 ± 0.891.83 ± 0.311.88 ± 0.352.68 ± 0.21CaCO~3~ (%)5.07 ± 0.338.61 ± 0.979.04 ± 1.165.70 ± 0.78Ca (meq/100 g soil)0.87 ± 0.130.67 ± 0.061.00 ± 0.180.49 ± 0.07Mg (meq/100 g soil)1.74 ± 0.170.94 ± 0.140.73 ± 0.090.79 ± 0.13Na (mg/kg)354.33 ± 11.57403.50 ± 35.42404.16 ± 17.761073.67 ± 98.92N (mg/kg)319.67 ± 76.56665.15 ± 140.93114.33 ± 16.65254.33 ± 42.77P (mg/kg)384.91 ± 54.4649.99 ± 11.57190.44 ± 27.0198.15 ± 14.27K (mg/kg)1052.83 ± 81.791315.72 ± 71.981183.33 ± 87.661559.67 ± 101.03*SOM*, soil organic matter, *CaCO* ~*3*~ Carbonates, *Ca* calcium, *Mg* magnesium, *Na* sodium, *N* Kjehldal nitrogen, *P* available phosphorous, *K* potassiumTable 2Pearson's correlation matrix of physico-chemical properties and heavy metal contents of soilpHCond.SandSiltClaySOMCaMgNaKNPCaCO~3~CrCuCdCoCond.0.23Sand0.030.88\*\*Silt−0.02−0.85\*\*−0.99\*\*Clay−0.05−0.83\*\*−0.85\*\*0.79\*\*SOM0.62\*0.390.32−0.32−0.24Ca−0.390.510.44−0.42−0.47−0.08Mg0.64\*0.530.15−0.11−0.340.390.17Na0.33−0.34−0.01−0.040.180.30−0.60\*0.89\*\*K0.06−0.71\*\*−0.380.330.520.01−0.65\*−0.60\*0.89\*\*N0.17−0.61\*\*−0.86\*\*0.88\*\*0.61\*−0.37−0.330.19−0.210.08P0.430.90\*\*0.64\*−0.60\*−0.68\*0.490.430.72\*\*−0.420.75\*\*−0.33CaCO~3~−0.92\*\*−0.38−0.260.250.27−0.77\*0.23−0.57−0.40−0.040.12−0.51Cr0.130.13−0.130.090.28−0.240.000.24−0.43−0.420.300.200.01Cu−0.170.660.80\*\*−0.77\*\*−0.83\*\*0.430.540.02−0.04−0.30−0.81\*\*0.48−0.13−0.52Cd−0.180.14−0.190.200.10−0.490.070.27−0.77\*\*−0.64\*0.330.250.340.69\*−0.35Co0.54−0.230.02−0.050.140.45−0.65\*−0.200.97\*\*0.80\*\*−0.17−0.25−0.59\*−0.38−0.04−0.73\*\*Pb−0.10−0.54−0.120.080.29−0.02−0.59\*−0.70\*0.89\*\*0.93\*\*−0.20−0.67\*0.03−0.49−0.05−0.65\*0.77\*\*\* Correlation is significant at the 0.05 level (2-tailed)\*\* Correlation is significant at the 0.01 level (2-tailed)

Heavy metal contents in soil {#Sec4}
----------------------------

Figure [1](#Fig1){ref-type="fig"} shows the contents of different heavy metals (Cr, Cu, Cd, Co and Pb) studied in soil and Berseem. Among these metals, Cr was found to be highest in all soil samples. Maximum amount of Cr was observed at Site I (75.70 mg/kg) and minimum level was observed at Site III (21.37 mg/kg). Cu, Cd and Co ranged from 13.67 to 25.0, 0.15--0.37 and 0.13--3.83 mg/kg respectively. Pb contents ranged from 2.83 mg/kg (Site I) to 9.17 mg/kg (Site IV). The main sources of heavy metals in the soil samples are parent rock material, polluted irrigation water and various agrochemicals (fertilizers, pesticides, weedicides etc.) used for cultivation. The studied sites are located on the banks of rivers Sutlej and Beas which have been shown to be highly polluted with industrial effluents, sewage discharge and agricultural runoffs (Kaur et al. [@CR31], [@CR32]). The groundwater is also contaminated due to leaching of pollutants from surface water and upper soils layers. Some earlier studies have reported dangerous levels of heavy metals in the surface and groundwater of neighbouring regions of the sampled areas and other parts of Punjab (Kumar et al. [@CR34]; Bhalla et al. [@CR11]; Singh et al. [@CR53]; Kaur et al. [@CR31], [@CR32]; Shrivastava [@CR50]). Sewage discharge and effluents originating from various industries such as electroplating, dying, leather tanning, alloys, paints etc. situated upstream of these sites, especially in the neighbouring cities Ludhiana, Jalandhar, Kapurthala etc. are the main source of contamination of surface and ground water in these areas. The polluted irrigation water acts as a major source of heavy metals in the analyzed soil samples. Secondly, excessive use of NPK fertilizers and other agrochemicals further contaminate the soil with heavy metals. Various NPK fertilizers act as source of heavy metals such as Cd, As, Pb, Cr, Ni, Cu etc. The Phosphate fertilizers in particular, have substantial amounts of Cd in them (Mortvedt [@CR40]; Milinovic et al. [@CR39]; Savci [@CR48]). Among the studied heavy metals in the present work Cu, Co and Cr are required in small amounts for plant metabolism. Cd and Pb are non essential and toxic elements for plants and other soil organisms (Mertz [@CR38]), which was evident from the negative correlation observed between SOM, Pb and Cd (Table [2](#Tab2){ref-type="table"}). Pb being a toxic metal disrupts the total chlorophyll content of plants and decreases root expansion by restricting the cell division and cell elongation (Eun et al. [@CR22]; McDermott et al. [@CR37]). Thus it is a restricting factor for SOM.Fig. 1Heavy metal contents in soil and Berseem samples of Punjab, India

The heavy metal contents in soil are also dependent on soil physico-chemical properties, which affect the mobility, availability and ecotoxicological risks of heavy metals (Boluda et al. [@CR14]). The heavy metal contents in soil samples observed in the present analysis are below the maximum permissible limits (Table [3](#Tab3){ref-type="table"}) despite the extensive agricultural practices and polluted irrigation water, which can be attributed to sandy texture of soil. Due to high sand contents in soil the metals can leach to lower soil layers (Boluda et al. [@CR14]), which was evident from the negative correlation between heavy metals and sand (Table [2](#Tab2){ref-type="table"}). The contents of Pb and Cd observed in the present study were lower and Cr contents were higher than the earlier works done by Dheri et al. ([@CR19]) and Chahal et al. ([@CR16]).Table 3National and international maximum permissible limits of heavy metals for soil and fodderChromium (mg/kg)Copper (mg/kg)Cadmium (mg/kg)Cobalt (mg/kg)Lead (mg/kg)*Maximum permissible limits for soil*Indian (Awashthi [@CR9])\*--135--2703--6--250--500European Union ([@CR23])1501403.0--300*Maximum permissible limits for fodder*CERSPC ([@CR17])10.0--0.5--5.0\* Prevention of Food Adulteration Act No. 37 of 1954. Central and State Rules as Amended for 1999 (Sharma et al. [@CR49]; Singh et al. [@CR52])

Heavy metal contents in Berseem {#Sec5}
-------------------------------

Similar to the results observed in soil, Cr contents were highest in Berseem in comparison to the other metals (Fig. [1](#Fig1){ref-type="fig"}). Maximum amount of Cr was found in Berseem samples from Site II (43.43 mg/kg) and minimum content was observed at Site III (25.92 mg/kg). Cr contents were alarmingly higher than the maximum permissible limits for fodder set by Tolerance Limit of Heavy Metals for Feed of China (CERSPC [@CR17]) in all the samples (Table [3](#Tab3){ref-type="table"}). Cr content above the permissible limits can cause deleterious effects on plant physiological processes such as photosynthesis and respiration (Ahmad et al. [@CR3]). Although trace amounts of Cr is required for glucose metabolism in animals, but Cr overdose can cause liver necrosis, nephrites, gastrointestinal irritation and ulcers (coetaneous, nasal and mucous membrane) (Edwards and Gregory [@CR20]; ATSDR [@CR8]). The contents of Cu and Cd ranged from 13.67 to 21.35 and 0.15--0.37 mg/kg respectively. Cu is an important element for plant nutrition but Cd despite being a non-essential element in plants gets highly accumulated in plants (Nadian [@CR41]). Excess amount of Cd in animal fodder can result in renal tubule damage, cardiovascular diseases, cancer, ostomalacia and deleterious effects on calcium, phosphorous and bone metabolism (Katole et al. [@CR30]). Co contents were found to be maximum at Site IV (1.07 mg/kg) and minimum at Site III (0.62 mg/kg) which can be due to minimum and maximum levels of Co at the same sites in soil samples. Pb contents ranged from 2.5 to 4.33 mg/kg which is found to be close to the maximum permissible limit of 5 mg/kg (Table [3](#Tab3){ref-type="table"}) at Site II (4.33 mg/kg). Pb at high levels decreases root expansion by restricting cell division and elongation in plants. Excess amounts of Pb in animal fodder can cause acute or chronic poisoning in animals leading to decreased haemoglobin synthesis, neurobehavioral impairment, peripheral neuropathy reproductive effects and neurotoxic malfunctioning in infants (Allcroft and Blaxter [@CR5]). In Punjab lower levels of Cr and Cd and higher level of Pb in Berseem were observed by Dheri et al. ([@CR19]). Very high levels of Pb (102--383 mg/kg) were observed in fodder feed to animals in industrial areas of Punjab by Sidhu et al. ([@CR51]) which resulted in Pb toxicity (blood) in bovine animals. Heavy metal toxicity (Pb, Cd, Cr, Cu, Mn etc.) in animals due to contaminated fodder has been observed by many researchers in other parts of India also (Dey et al. [@CR18]; Gowda et al. [@CR25]; Raj et al. [@CR44]). Therefore the Berseem fodder from the studied areas was contaminated with heavy metals due to combined effect of several anthropogenic factors (such as pollution of irrigation water, excessive use of agrochemicals, etc.) and is a serious cause of concern for animal health.

Metal bioaccumulation factor (BAF) {#Sec6}
----------------------------------

Heavy metal bioaccumulation factor (BAF) values above 1 were observed for Cr, Cu, Cd and Co (Fig. [2](#Fig2){ref-type="fig"}) in many samples, which showed high level of metal bioaccumulation in Berseem. Highest value of BAF was observed for Co (4.625) at Site III. Studies on metal uptake by plants have revealed that heavy metals are passively transported from roots to shoots via xylem vessels and are preferably accumulated in areas with high transpiration rates (Tamoutsidis et al. [@CR55]). Since the most important parts in Berseem from commercial point are leaves and shoot, heavy metal accumulation in these parts poses severe risk to animals. This problem is further aggravated by the high phytoremediation potential of Berseem (Ali et al. [@CR4]; Bhat [@CR12]).Fig. 2Soil to Berseem heavy metal bioaccumulation factor (BAF)

Conclusions {#Sec7}
===========

The present study revealed that the areas studied have alkaline soils with sandy texture, calcareous nature and low SOM. The Cu, Cd, Co and Pb contents in studied soil and Berseem samples were lower than the maximum permissible limits. But Cr contents in Berseem were higher than the maximum permissible limits for fodder (CERSPC [@CR17]). BAF was found to be above 1 for Cr, Cu, Cd and Pb for many Berseem samples. Therefore it can be concluded that there is significant bioaccumulation of heavy metals in Berseem grown in these intensively cultivated areas which can be due to synergistic effect of various anthropogenic factors such as irrigation water contamination, indiscriminate use of agrochemicals, industrial activities, etc. and thus it is unsafe for animal consumption.

Methods {#Sec8}
=======

Study area {#Sec9}
----------

The state of Punjab (Lat. 29°30--32°32′N and Long. 73°55 and 76°50′E) is located in the north-western part of India bordering Pakistan. The annual rainfall in Punjab is 435.6 mm and has a continental, semiarid to subhumid climate with two main crop seasons Kharif (fall) and Rabi (spring). Four sites were selected for sampling, which are situated on the banks of rivers Beas and Sutlej. The geographical coordinates of sites are given in Table [4](#Tab4){ref-type="table"} and Fig. [3](#Fig3){ref-type="fig"} shows the map of studied area. The upstream regions of the sites chosen for sampling are receiving effluents from various industries (electroplating, dying, leather tanning, alloys, paints etc.) and sewage. The main occupation in the study area is agriculture which includes extensive use of agrochemicals (fertilizers, pesticides and weedicides).Table 4List of sampling sites with their districts, adjoining river, geographical coordinatesS. No.SitesVillageDistrictAdjoining riverCoordinates1.Site IRajewalKapurthalaBeasN31°22′59.2″ E075º10′47.6″2.Site IIYousufpurKapurthalaSutlejN31°08′47.1″ E075º06′22.4″3.Site IIITibbi TaibaFirozpurSutlejN31°07′23.1″ E075º05′42.4″4.Site IVDoomniwalaTarn TaranSutlejN31°09′43.1″ E074º48′50.0″Fig. 3Soil and Berseem sampling sites in Punjab, India

Sampling and preparation {#Sec10}
------------------------

Soil sampling was done during the period of March--April 2013. From each site composite soil samples in triplicates were collected from fields under Berseem cultivation. At least five subsamples of soil were pooled to form a composite sample. Soil samples were taken from depths of 0--15 cm. Composite samples of Berseem (Shoots) were collected in triplicates from corresponding soil sampling fields from each site for heavy metal analysis. All soil and Berseem samples were stored in clean polythene bags and were brought to the laboratory. The soil samples were air-dried, ground and passed through 2 mm sieve for physico-chemical and heavy metal analysis. The Berseem shoot samples were washed with deionised water, oven dried at 70 °C and then grounded to fine powder with pestle mortar. Similar methods have been used for collection and preservation of soil and plant samples by researchers earlier also (Yao et al. [@CR58]; Bermudez et al. [@CR10]; Rodriguez Martin et al. [@CR47]; Liu et al. [@CR36]).

Physico-chemical analysis {#Sec11}
-------------------------

The soil pH and conductivity were determined in 1:5 soil:water suspension using HM digital meter-COM-100 (New Delhi, India) and Equip-tronics EQ-614-A (Mumbai, India), respectively. The soil suspension was prepared by mixing soil and water in desired proportion (1:5) and the mixture was shaken for 2 h and the supernatant was filtered and used for measurement. Soil texture and organic carbon content was determined by Hydrometer method (Jacob and Clarke [@CR27]) and Walkley--Black wet oxidation method (Nelson and Sommers [@CR42]) respectively. A factor of 1.72 was multiplied with organic carbon content to determine SOM. EDTA titration method was used for measuring calcium (Ca) and magnesium (Mg) (Lanyon and Heald [@CR35]), acid neutralization method for CaCO~3~ (Hesse [@CR26]) and potassium (K) and sodium (Na) were measured by using a Systronics Flame Photometer-128, after digesting the samples in a diacid mixture (HClO4/HNO3 in a 4:1 ratio) (Bhat et al. [@CR13]). Total nitrogen (N) was determined by Kjeldahl method (Bremner and Mulvaney [@CR15]) and available phosphorous (P) by sodium bicarbonate extraction method using Spectrophotometer-2202 (Ahmedabad, Gujarat, India) (Olsen et al. [@CR43]).

Heavy metal analysis {#Sec12}
--------------------

For heavy metal (Cr, Cu, Cd, Co and Pb) determination one gram of soil was digested with 15 mL of aqua regia (HNO~3~: HCl in 3:1 ratio) and 1 g Berseem shoot sample with 15 mL of triacid mixture (HNO~3~:H~2~SO~4~:HClO~4~ in 5:1:1 ratio) at 80 °C till a transparent solution was obtained (Allen et al. [@CR6]). The digested samples were filtered and diluted with de-ionized water up to 50 mL and analyzed for the metals viz. Chromium (Cr), copper (Cu), cadmium (Cd) cobalt (Co) and lead (Pb) by flame atomic absorption spectrophotometer (AAS) (Agilent 240 FS AA model). Properly washed glassware, double distilled water and analytical grade reagents were used throughout the study. The standard solutions of selected heavy metals were procured from Agilent (1000 mg/L) and were used to make solutions of varying concentrations by dilution of the standards. After every ten sample readings, the standards were run to assure the working of machine with 95 % accuracy (Arora et al. [@CR7]).

Metal bioaccumulation factor (BAF) {#Sec13}
----------------------------------

Heavy metal accumulation of soil and Berseem were calculated on the basis of dry weight. The metal bioaccumulation factor is a ratio of heavy metal concentration of crop to soil (Zhuang et al. [@CR59]) and was calculated as follows:$$\documentclass[12pt]{minimal}
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                \begin{document}$$BAF = C_{plant} /C_{soil}$$\end{document}$$where *C*~plant~ and *C*~soil~ are the concentrations of heavy metal in Berseem and soil, respectively, on a dry weight basis.

Statistical analysis {#Sec14}
--------------------

The analysis of physico-chemical characteristics and heavy metal content of soil and Berseem samples was done in triplicates and the data is presented as mean ± standard error. Pearson correlation coefficients were calculated to analyze the correlation between physico-chemical properties and heavy metals in soil. Statistical analysis was done with the help of IBM SPSS version 16.0 (Chicago, USA) and Microsoft excel computer software programs.
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